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PROBLEM TO BE SOLVED: To relax shear stress acting 
on solder balls when a semiconductor device is mounted. 

SOLUTION: A semiconductor device 30 is equipped with 
a pad 32 of copper on the outer terminal of a device 
main body 14, and a solder ball 18 is provided covering 
the pad 32. The pad 32 is possessed of projections 34 
and recesses 36 on its upside. These projections 34 and 
recesses 36 are formed like belts, a checkered pattern 
or concentric circles, so that a joint surface between the 
pad 32 and the solder ball 18 is enhanced in area. The 
prcjecticns 34 are deflected and deformed by shear 
stress imposed on solder (solder ball 18) to relax the 
shear stress absorbing it partly when the solder ball 18 
is melted and the semiconductor device 30 is mounted 
on a board. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To relax shear stress acting on solder balls 
when a semiconductor device is mounted. 

SOLUTION: A semiconductor device 30 is equipped with a pad 32 of 
copper on the outer terminal of a device main body 14, and a solder ball 
18 is provided covering the pad 32. The pad 32 is possessed of 
projections 34 and recesses 36 on its upside. These projections 34 and 
recesses 36 are formed like belts, a checkered pattern or concentric 
circles, so that a joint surface between the pad 32 and the solder ball 18 
is enhanced in area. The projections 34 are deflected and deformed by 
shear stress imposed on solder (solder ball 1 8) to relax the shear stress 
absorbing it partly when the solder ball 1 8 is melted and the 
semiconductor device 30 is mounted on a board. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caus d by the us of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by forming heights or a crevice in the front face of the plinth which 
fixes the aforementioned solder ball in the semiconductor device which fixed the solder ball to the external end- 
connection child. 

[Claim 2] The aforementioned heights or the aforementioned crevice is a semiconductor device according to claim 1 
characterized by having prepared more than one. 

[Claim 3] Two or more aforementioned heights are semiconductor devices according to claim 2 characterized by 
having formed in the shape of a needle point holder. 

[Claim 4] the aforementioned plinth — a mushroom — the semiconductor device according to claim 1 characterized by 
having formed in a ** 

[Claim 5] The manufacture method of a semiconductor device characterized by providing the following. The process 
which forms a conductive metal layer in the active side which has an external terminal. The process at which 
patterning of the 1st resist film is prepared and carried out on the aforementioned metal layer, and the aforementioned 
metal layers other than the portion corresponding to the aforementioned external terminal are exposed. The process 
which forms the plinth which consists of the aforementioned metal layer in the external terminal position which 
removes the 1st resist film after **********i n g and removing the outcrop of the aforementioned metal layer. The 
process which prepares and carries out patterning of the 2nd resist film to the upper part of the aforementioned activity 
side, and leaves the resist film of the above 2nd only to the part on the aforementioned plinth, the process which 
removes the 2nd resist film after carrying out half etching of the aforementioned plinth, and forms heights or a crevice 
in the upper surface of a plinth, and the process which covers the aforementioned plinth and prepares a solder ball. 
[Claim 6] The manufacture method of a semiconductor device characterized by providing the following. The process 
which forms a conductive metal layer in the active side which has an external terminal. The process which prepares 
and carries out patterning of the 1st resist film on the aforementioned metal layer, and leaves the 1st resist film to the 
aforementioned external terminal and a part of corresponding portion. The process which removes the resist film of the 
above 1st after carrying out half etching of the aforementioned metal layer. The process which forms the plinth which 
removes the 2nd resist film after **********i n g and removing the process at which patterning of the 2nd resist film is 
prepared and carried out to the upper part of the aforementioned activity side, and the aforementioned metal layers 
other than the portion corresponding to the aforementioned external terminal are exposed, and the outcrop of the 
aforementioned metal layer, and has heights or a crevice in an external terminal position, and the process which cover 
the aforementioned plinth and prepare a solder ball. 

[Claim 7] The manufacture method of a semiconductor device characterized by providing the following. The process 
which forms a conductive metal thin film in the active side which has an external terminal. The process at which 
patterning of the 1st resist film is prepared and carried out on the aforementioned metal thin film, and the 
aforementioned metal thin film of the portion corresponding to the aforementioned external terminal is exposed. The 
process which removes the resist film of the above 1st after depositing a conductive metal on the outcrop of the 
aforementioned metal thin film and forming a metal deposit. While forming and carrying out patterning of the 2nd 
resist film to the upper part of the aforementioned activity side and carrying out half etching of the process which 
leaves the resist film of the above 2nd to a part of aforementioned metal deposit, and the outcrop of the aforementioned 
metal deposit The process which forms the plinth which removes the resist film of the above 2nd and has heights or a 
crevice in an external terminal position after **********ing and removing the outcrop of the aforementioned metal 
thin film, and the process which covers the aforementioned plinth and prepares a solder ball. 
[Claim 8] The manufacture method of a semiconductor device characterized by providing the following. The process 
which forms a conductive metal thin film in the active side which has an external terminal. The process at which 
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patterning of the 1st resist film is prepared and carried out on the aforementioned metal thin film, and the 
aforementioned metal thin films other than the portion corresponding to the aforementioned external terminal are 
exposed. The process which removes the resist film of the above 1st after **********i ng m ^ removing the outcrop of 
the aforementioned metal thin film. The process at which patterning of the 2nd resist film is prepared and carried out to 
the upper part of the aforementioned activity side, and the aforementioned external terminal and the aforementioned 
corresponding metal thin film of a position are exposed, The process which forms the plinth by the aforementioned 
conductive metal which removed the 2nd resist film and was plated in the external terminal position after plating a 
conductive metal to the upper part of the resist film of the above 2nd on the exposed aforementioned metal thin film, 
and the process which covers the aforementioned plinth and prepares a solder ball. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor device which was applied 
to the semiconductor device, especially fixed the solder ball to the external end-connection child like a ball grid array 
(BGA), and its manufacture method. 
[0002] 

[Description of the Prior Art] In recent years, high integration of a semiconductor device and the miniaturization are 
demanded strongly, and development of the package of the size which is a chip grade, and the so-called chip-size 
package (CSP) is performed. In such a small package, in order to attain many pin(many-items child)-ization, the 
external end-connection child has been stationed in the shape of a matrix to the semiconductor device or the active side 
of a package, and the solder ball is fixed to the external end-connection child. Drawing 7 shows a part of conventional 
semiconductor device which has a solder ball. 

[0003] the drawing 7 ****-- the plinth 12 is formed in the position where the semiconductor device 10 corresponded 
with the external end-connection child of the front face of the element main part 14 by the copper thin layer Moreover, 
the solder resist 16 which has covered the periphery section of a plinth 12 is formed in the front face of the element 
main part 14. And the solder ball 18 is fixed into the portion which is not covered by the solder resist 16 of a plinth 12. 
[0004] By ihe way, in semiconductor devices, such as CSP, in order to attain high integration and many pin-ization, the 
size of a plinth 12 or the solder ball 18 is restrained by about 200-300 micrometers for a diameter. For this reason, 
when the plane-of-composition product of a plinth 12 and the solder ball 18 becomes small, both bonding strength is 
insufficient and a semiconductor device 10 is mounted in a substrate, big shearing stress acts on the solder ball 18 from 
the difference of coefficient of thermal expansion with a semiconductor chip 10 and a mounting substrate, and the 
problem on which the solder ball 18 exfoliates from a plinth 12 is produced. Then, in order to heighten the bonding 
strength of the solder ball 18 and a plinth 12, the terminal of structure like drawing 8 is proposed. 
[0005] That is, a gap 20 is formed between a plinth 12 and solder RESHIZUTO 16, without putting a solder resist 16 
on a plinth 12, and while the lower part of the solder ball 18 is wearing the side of a plinth 12 and enlarges the plane- 
of-composition product of the solder ball 1 8 and a plinth 12, it is made for the element main part 14 to receive the 
shearing stress which acts on the solder ball 18 through a plinth 12 in the case of mounting. 
[0006] 

[Problem(s) to be Solved by the Invention] However, it sets to the above-mentioned conventional semiconductor 
device. Since [ which may have the structure which eases the shearing stress which transmits the shearing stress which 
acts on the solder ball 18 to the element main part 14 through a plinth 12, and acts on the solder ball 18 in the case of 
mounting to the substrate of a semiconductor device 10 ] there is nothing, Moreover, since the bonding strength of a 
plinth 12 and the solder ball 18 is not enough, a crack cannot be produced on the solder ball 1 8, or a plinth 12 cannot 
separate from the element main part 14, or the element main part 14 is missing and sufficient reliability cannot be 
acquired. 

[0007] this invention was made in order to cancel the fault of the aforementioned conventional technology, and it aims 

at easing the shearing stress which acts on a solder ball in the case of mounting. 

[0008] Moreover, this invention aims at enlarging bonding strength of a solder ball and a plinth. 

[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the semiconductor device concerning 
this invention has the composition in which heights or the crevice was formed on the front face of the plinth which 
fixes the aforementioned solder ball, in the semiconductor device which fixed the solder ball to the external end- 
connection child. Thus, when a solder ball is fused and a semiconductor device is mounted in a substrate, the 
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constituted semiconductor device When the height of the circumference which forms heights or the crevice by the 
shearing stress which acts on the solder (solder ball) by the difference of coefficient of thermal expansion with a 
semiconductor device and a mounting substrate deforms, in order to absorb a part of shearing stress, Shearing stress is 
eased and it can prevent a crack arising in solder, or a plinth separating, or producing a chip in a semiconductor device. 
Moreover, while it becomes large about the plane-of-union product (touch area) of a plinth and a solder ball and both 
bonding strength becomes large by having formed heights or the crevice in the plinth, the shearing stress which acts on 
solder can be distributed and it can prevent that a crack etc. arises in solder. 

[0010] By preparing two or more heights or crevices, it becomes larger about the plane-of-union product of a plinth 
and a solder ball, and both bonding strength can be heightened. If a needle point holder-like, i.e., heights, aspect is 
enlarged for two or more heights, since heights will bend easily by the shearing stress which acts on solder, the 
relaxation effect of shearing stress can be enlarged more, moreover, a plinth — a mushroom — solder seems not to 
exfoliate from a plinth by shearing stress, since it not only can ease the shearing stress which the whole plinth bends 
and acts on solder, but an umbrella part will be formed in a plinth, if it forms in a ** 

[001 1] And the method of manufacturing the above-mentioned semiconductor device The process at which patterning 
of the 1st resist film is prepared and carried out to the process which forms a conductive metal layer in the active side 
which has an external terminal on the aforementioned metal layer, and the aforementioned metal layers other than the 
portion corresponding to the aforementioned external terminal are exposed, The process which forms the plinth which 
consists of the aforementioned metal layer in the external terminal position which removes the 1st resist film after 
**********ing and removing the outcrop of the aforementioned metal layer, The process which prepares and carries 
out patterning of the 2nd resist film to the upper part of the aforementioned activity side, and leaves the resist film of 
the above 2nd only to the part on the aforementioned plinth, After carrying out half etching of the aforementioned 
plinth, it is made the composition which has the process which removes the 2nd resist film and forms heights or a 
crevice in the upper surface of a plinth, and the process which covers the aforementioned plinth and prepares a solder 
ball. While irregularity is formed in the upper surface of a plinth, and the touch area of a plinth and a solder ball 
becomes large and being able to improve both bonding strength by this, the shearing capacity to act on solder at the 
time of mounting can be eased. 

[0012] Moreover, the manufacture method of the semiconductor device concerning this invention The process which 
prepares and carries out patterning of the 1st resist film the process which forms a conductive metal layer in the active 
side which has an external terminal, and on the aforementioned metal layer, and leaves the 1st resist film to a part of 
aforementioned external terminal and corresponding portion, The process which removes the resist film of the above 
1st after carrying out half etching of the aforementioned metal layer, The process at which patterning of the 2nd resist 
film is prepared and carried out to the upper part of the aforementioned activity side, and the aforementioned metal 
layers other than the portion corresponding to the aforementioned external terminal are exposed, After **********ing 
and removing the outcrop of the aforementioned metal layer, it was made the composition which has the process which 
forms the plinth which removes the 2nd resist film and has heights or a crevice in an external terminal position, and the 
process which covers the aforementioned plinth and prepares a solder ball. 

[0013] Furthermore, the manufacture method of the semiconductor device concerning this invention The process which 
forms a conductive metal thin film in the active side which has an external terminal, and the process at which 
patterning of the 1st resist film is prepared and carried out on the aforementioned metal thin film, and the 
aforementioned metal thin film of the portion corresponding to the aforementioned external terminal is exposed, The 
process which removes the resist film of the above 1st after depositing a conductive metal on the outcrop of the 
aforementioned metal thin film and forming a metal deposit, While forming and carrying out patterning of the 2nd 
resist film to the upper part of the aforementioned activity side and carrying out half etching of the process which 
leaves the resist film of the above 2nd to a part of aforementioned metal deposit, and the outcrop of the aforementioned 
metal deposit After **********i n g m & removing the outcrop of the aforementioned metal thin film, it has the 
composition of having the process which forms the plinth which removes the resist film of the above 2nd and has 
heights or a crevice in an external terminal position, and the process which covers the aforementioned plinth and 
prepares a solder ball. 

[0014] Furthermore, the manufacture method of the semiconductor device concerning this invention The process at 
which patterning of the 1st resist film is prepared and carried out to the process which forms a conductive metal thin 
film in the active side which has an external terminal on the aforementioned metal thin film, and the aforementioned 
metal thin films other than the portion corresponding to the aforementioned external terminal are exposed, The process 
which removes the resist film of the above 1st after ******** **ing and removing the outcrop of the aforementioned 
metal thin film, The process at which patterning of the 2nd resist film is prepared and carried out to the upper part of 
the aforementioned activity side, and the aforementioned external terminal and the aforementioned corresponding 
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metal thin film of a position are exposed, The process which forms the plinth by the aforementioned conductive metal 
which removed the 2nd resist film and was plated in the external terminal position after plating a conductive metal to 
the upper part of the resist film of the above 2nd on the exposed aforementioned metal thin film, It is made the 
composition which has the process which covers the aforementioned plinth and prepares a solder ball, thereby - a 
mushroom — the relief and thing of shearing stress which can form the plinth of a **, and can heighten the bonding 
strength of a plinth and a solder ball, and act on the solder at the time of mounting are made 
[0015] 

[Embodiments of the Invention] The gestalt of desirable operation of the semiconductor device concerning this 
invention and its manufacture method is explained in detail according to an accompanying drawing. 
[0016] Drawing 1 is important section explanatory drawing of the semiconductor device concerning the gestalt of 
operation of this invention, (a) is the cross section, (b) is the plan of a plinth, and (C) and (d) are the plans showing 
other examples of the irregularity formed in the plinth, respectively. 

[0017] In drawing 1 (a), while having formed the plinth 32 to which the semiconductor device 30 used as a 
semiconductor device turns into an external terminal of an active side from copper, the solder resist 16 is formed in the 
circumference of a plinth 32, and the gap 20 is formed between the plinth 32 and the solder resist 16. And to the plinth 
32, the solder ball 1 8 is fixed so that the upper surface and the side may be worn. Moreover, two or more heights 34 are 
formed in the upper surface, and, as for the plinth 32, the touch area (plane-of-union product) with the solder ball 18 is 
enlarged. Heights 34 and the crevice 36 between heights are formed in band-like as shown in this drawing (b). And in 
the case of the gestalt of this operation, the diameter of a plinth 32 serves as a size which is about 200-300 
micrometers, similarly width of face is formed and, as for heights 34 and the crevice 36, the size of width of face is set 
to 20-50 micrometers. 

[001 8] Thus, in the gestalt of the constituted operation, if shearing stress acts on solder (solder ball 1 8) by the 
difference of coefficient of thermal expansion with a semiconductor device 30 and a mounting substrate at the time of 
cooling when mounted in the mounting substrate which fuses a solder ball and does not illustrate a semiconductor 
device 30 at a reflow furnace etc., heights 34 will bend and deform, will absorb a part of shearing stress, and will ease 
shearing stress. For this reason, it can prevent that a crack occurs in solder, a plinth 32 separates from the element main 
part 14, or the element main part 14 is missing. And by having prepared two or more irregularity in the upper surface 
of a plinth 32, it can become large sharply about the plane-of-union product of a plinth 32 and the solder ball 18, both 
bonding strength not only can abolish the accident of increase and solder exfoliating, but can distribute the shearing 
stress which acts on solder, and it can prevent that a crack arises in solder. 

[0019] In addition, the heights 34 (or crevice 36) formed in a plinth 32 may be formed in the shape of a checker, as 
shown in this drawing (c), and as shown in this drawing (d), you may form them in the shape of a concentric circle. 
And in the gestalt of the aforementioned implementation, although the case where the plinth 32 which has irregularity 
for the external terminal of a semiconductor device 30 was formed was explained, it is applicable also to the external 
end-connection child of packages, such as BGA. 

[0020] drawing 2 (a) - (d) — other operation gestalten of a plinth - being shown . As for the plinth 40 shown in 
drawing 2 (a), the pillar-like heights 42 are formed in the core on top. In this plinth 40, if shearing stress acts on solder, 
the heights 42 of a core will bend, a part of shearing stress will be absorbed, and stress will be eased. Furthermore, the 
center section on top is a crevice 46, and, as for the plinth 44 shown in this drawing (b), the periphery section is heights 
48. And if shearing stress acts on solder, the heights 48 of the periphery section deform this plinth 44, and it will 
absorb shearing stress and will ease. 

[0021] the mushroom to which the plinth 50 shown in drawing 2 (c) has an umbrella part 54 in the upper part of a 
shank 52 and a shank 52 — it has formed in the ** This plinth 50 eases shearing stress, when the whole bends. In 
addition, a plinth 50 can be easily formed by plating so that a detail may be mentioned later. 
[0022] The plinth 60 shown in drawin g 2 (d) forms a crevice 62 deeply, enlarges an aspect ratio and forms it in the 
shape of [ so-called ] a needle point holder while it forms a crevice 62 and heights 64 by turns. In the case of the gestalt 
of operation, a diameter D is 200-300 micrometers, and, as for this plinth 60, 20-100 micrometers and length [ of one 
side ] L of heights 64 are formed [ height h of the base 66 from the front face of the element main part 14 ] in 20-50 
micrometers for 5-20 micrometers and height (depth of crevice 62) H of heights 64. Since heights 64 bend easily by 
this by the shearing stress which acts on solder, it is big stress. 

[0023] Drawing 3 is explanatory drawing having shown an example of the operation gestalt of the above-mentioned 
manufacture method of a semiconductor device 30. First, as shown in this drawing (a), a copper layer 70 is deposited 
on the active side of the element main part 14. After this copper layer 70 forms the thin film of about 1000-7000A 
copper in the front face of the element main part 14 by sputtering in the case of the gestalt of operation, it is that to 
which predetermined carried out the thickness deposition of the copper coating on the copper thin film, and has the 
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thickness of about 50-100 micrometers as a whole. 

[0024] Then, photoresists 72 other than the portion which applies and carries out patterning of the photoresist 72 which 
is the 1st resist film to the front face of a copper layer 70, and forms the plinth corresponding to the external terminal 
of an element in it are removed, and a copper layer 70 is exposed (this drawing (b)). Next, after forming the plinth 32 
which ********** s the exposed copper layer 70 and consists of copper (this drawing (c)), the photoresist 72 which 
remained on the plinth 32 is removed (this drawing (d)). Furthermore, as shown in drawing 3 (e), patterning of the 
photoresist 74 which is the 2nd resist film is applied and carried out to the upper part of the element main part 14, and 
it leaves a photoresist 74 only to the portion which forms the heights on a plinth 32. Then, half etching of the plinth 32 
is carried out, and it is made the plinth 32 which removes a photoresist 74 and by which the crevice 36 was formed in 
the predetermined depth, and heights 34 and the crevice 36 were formed in the upper surface (this drawing (f)). Next, 
as shown in this drawing (g), a plinth 32 is covered, the solder ball 18 is formed, and it considers as a semiconductor 
device 30. 

[0025] In addition, barrier metal, such as chromium (Cr), a (Titanium Ti) titanium-tungsten alloy (TiW), or nickel 
(nickel), can be prepared between a plinth 32's and the element main part 14 if needed. 

[0026] Drawing 4 shows other operation gestalten of the manufacture method. After predetermined carries out the 
thickness deposition of the copper layer 70 like [ the front face of the element main part 14 ] the above first ( drawing 4 
(a)), this manufacture method applies and carries out patterning of the photoresist 72 which is the 1st resist film to the 
front face of a copper layer 70, and leaves only the photoresist 72 of the portion corresponding to the heights of a plinth 
(this drawing (b)). Then, after carrying out half etching of the portion which has exposed the copper layer 70, heights 
34 and a crevice 36 are formed in the position in which the photoresist 72 which remains is removed and a plinth is 
prepared (this drawing (c)). Next, as shown in this drawing (d), photoresists 74 other than the portion which applies 
and carries out patterning of the photoresist 74 used as the 2nd resist film to the front face of a copper layer 70, and 
forms a plinth in it are removed, and a copper layer 70 is exposed. Next, after **********i n g and removing the 
exposed copper layer 70, the plinth 32 which removes the photoresist 74 of the plinth formation section and has 
irregularity is formed (this drawing (e)). Then, as shown in this drawing (f), a plinth 32 is covered and the solder ball 
18 is formed. 

[0027] Drawing 5 shows the manufacture method of the semiconductor device further applied to the gestalt of other 
operations. This manufacture method forms the copper thin film 76 in the front face of the element main part 14 by 
sputtering first, as shown in drawing 5 (a). The thickness of this copper thin film 76 may be 1000-7000A. Then, 
patterning of the photoresist 72 is applied and carried out on the copper thin film 76, and the photoresist 72 of the 
position which forms a plinth is removed (this drawing (b)). Furthermore, a photoresist 72 is removed, after plating 
copper into the portion which removed the photoresist 72 and forming a deposit 78, as shown in this drawing (c) (this 
drawing (d)). 

[0028] Next, as shown in drawing 5 (e), patterning of the photoresist 74 is applied and carried out to the upper part of 
the element main part 14, and it leaves a photoresist 74 only to the portion corresponding to the heights formed in the 
copper-coating layer 78. And while **********ing and removing the exposed copper thin film 76, after carrying out 
half etching of the copper-coating layer 78, the photoresist 74 on the copper-coating layer 78 is removed, and the plinth 
32 which has heights 34 and a crevice 36 is formed in the upper surface (this drawing (f)). Then, a plinth 32 is covered 
like the above, the solder ball 18 is formed, and a semiconductor device 30 is completed. 

[0029] drawing 6_ - a mushroom « the operation form of the manufacture method of a semiconductor device of having 
the plinth of a ** is shown First, as shown in drawing 6 (a), the copper thin film 76 is formed in the front face of the 
element main part 14 by sputtering. Next, patterning of the photoresist 72 used as the 1st resist film is applied and 
carried out on the copper thin film 76, and copper thin films 76 other than the external terminal of the element main 
part 14 and the corresponding portion are exposed (this drawing (b)). Then, as shown in this drawing (c), after 
********** ing and removing the outcrop of the copper thin film 76, the photoresist film 72 which it left to the 
correspondence position with an external terminal is removed. Furthermore, patterning of the photoresist 74 used as the 
2nd resist film is applied and carried out to the upper part of the element main part 14, the photoresist 74 of the copper 
thin film 76 upper part is removed, and the copper thin film 76 is exposed (this drawing (d)). 

[0030] Next, on the exposed copper thin film 76, copper is plated and the copper-coating layer 80 is formed ( drawin g 
6 (e)). This copper-coating layer 80 is performed until it rises in the upper part of a photoresist 74 as shown in drawing, 
thereby — the copper-coating layer 80 — the circumference of the hole 82 of the upper surface of a photoresist 74 — 
spreading — a mushroom - it becomes a ** and the copper deposit 80 — a mushroom — the photoresist 74 if formed in 
a **, after washing and drying - removing - a mushroom - the plinth 50 of a ** is formed Then, a plinth 50 is 
covered and the solder ball 18 is formed. 
[0031] 
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[Effect of the Invention] By having established heights or the crevice in the plinth which fixes a solder ball according 
to this invention, as explained above When a solder ball is fused and a semiconductor device is mounted in a substrate, 
by the shearing stress which acts on the solder (solder ball) by the difference of coefficient of thermal expansion with a 
semiconductor device and a mounting substrate Heights, Or since the height of the circumference which forms the 
crevice deforms and a part of shearing stress is absorbed, shearing stress is eased and it can prevent a crack arising in 
solder, or a plinth separating, or producing a chip in a semiconductor device. Moreover, while it becomes large about 
the plane-of-union product (touch area) of a plinth and a solder ball and both bonding strength becomes large by 
having formed heights or the crevice in the plinth, the shearing stress which acts on solder can be distributed and it can 
prevent that a crack etc. arises in solder. 
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[Drawing 2] 
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CLAIMS 

fciaiS llThe semiconductor device characterized by forming heights or a crevice in the front face of the plinth which 
fixes the aforementioned solder ball in the semiconductor device which fixed the solder ball to the external end- 

[Cto^Tbe Aforementioned heights or the aforementioned crevice is a semiconductor device according to claim 1 
characterized by having prepared more than one. . „Wc^™h w 

[Claim 3] Two or more aforementioned heights are semiconductor devices according to claim 2 characterized by 
having formed in the shape of a needle point holder. . . 

[Claim 4] the aforementioned plinth -- a mushroom -- the semiconductor device according to claim 1 characterized by 

[claim S\The manufacture method of a semiconductor device characterized by providing the following. The process 
which forms a conductive metal layer in the active side which has an external terminal The process at which 
patterning of the 1st resist film is prepared and carried out on the aforementioned metal layer, and the aforementioned 
metal layers other than the portion corresponding to the aforementioned external terminal are exposed. The process 
which forms the plinth which consists of the aforementioned metal layer in the external terminal position which 
removes the 1st resist film after **********ing and removing the outcrop of the aforementioned metal layer The 
process which prepare ™d carries out patterning of the 2nd resist film to the upper part of the aforementioned activity 
side and leaves the resist film of the above 2nd only to the part on die aforementioned plinth the process which 
removes the 2nd resist film after carrying out half etching of the aforementioned plinth, and forms heights or a crevice 
in the upper surface of a plinth, and the process which covers the aforementioned plinth and prepares a solder ball. 
rClaim 61 The manufacture method of a semiconductor device characterized by providing the following. The process 
which forms a conductive metal layer in the active side which has an external terminal. The process which prepares 
and carries out patterning of the 1st resist film on the aforementioned metal layer, and leaves the 1st resist film to the 
aforementioned external terminal and a part of corresponding portion. The process which removes the resist film of the 
above 1st after carrying out half etching of the aforementioned metal layer. The process which forms die plinth which 
removes the 2nd resist film after **********ing and removing the process at which patterning of the 2nd resist tilm is 
prepared and carried out to the upper part of the aforementioned activity side, and the aforementioned metal layers 
other than the portion corresponding to the aforementioned external terminal are exposed, and the outcrop of the 
aforementioned metal layer, and has heights or a crevice in an external terminal position, and the process which cover 
the aforementioned plinth and prepare a solder ball. • „ u 0 ™. n ™o 

[Claim 71 The manufacture method of a semiconductor device characterized by providing the following. The process 
which forms a conductive metal thin film in the active side which has an external terminal. The process at which 
patterning of the 1 st resist film is prepared and carried out on the aforementioned metal thin film, and the 
aforementioned metal thin film of the portion corresponding to the aforementioned external terminal is exposed. The 
process which removes the resist film of the above 1 st after depositing a conductive metal on the outcrop of the 
aforementioned metal thin film and forming a metal deposit. While forming and carrying out patterning of the 2nd 
resist film to the upper part of the aforementioned activity side and carrying out half etchmg of the process which 
leaves the resist film of the above 2nd to a part of aforementioned metal deposit, and the outcrop of the aforementioned 
metal deposit The process which forms the plinth which removes the resist film of the above 2nd and has heights or a 
crevice in an external terminal position after ********** ing and removing the outcrop of the aforementioned metal 
thin film, and the process which covers the aforementioned plinth and prepares a solder ball. 
[Claim 81 The manufacture method of a semiconductor device characterized by providing the following. The process 
which forms a conductive metal thin film in the active side which has an external terminal. The process at which 
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patterning of the 1st resist film is prepared andcarried out on the aforementioned metal thin film, and the 
^mentioned metal thin films other than the portion corresponding to the aforementioned external terminal are 
exZT^e process which removes the resist film of the above 1st after ******** **mg and removing the outcrop of 
Sor JSned metal thin film. The process at which patterning of the 2nd resist film is prepared and carried out to 
Z Jm^rfSL aforementioned activity side, and the aforementioned external terminal and the aforementioned 
3£ metal thin film of a position are exposed, The process which forms the plinth by the aforementioned 
S metal which removed the 2nd resist film and was plated in the external terminal position after plating a 
inductive metal to the upper part of the resist film of the above 2nd on the exposed aforementioned metal thin film, 
and the process which covers the aforementioned plinth and prepares a solder ball. 
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[Detailed Description of the Invention] 

TThetechnical field to which invention belongs] this invention relates to the semiconductor device which was applied 
^SSSS^M^ especially fixed the solder ball to the external end-connection child like a ball grid array 
(BGA), and its manufacture method. 

[Description of the Prior Art] In recent years, high integration of a semiconductor device and the miniaturization are 

and development of the package of the size which is a chip grade, and the so-called chip-size 
oaXefCSP is performed. In such a small package, in order to attain many pin(many-items child)-izaton, the 
ESS end comectio™hild has been stationed in the shape of a matrix to the semiconductor device or the active side 
^IS^T^b^UsZd to the external end-connection child. Drawing shows a part of conventional 

wXe ^ of the front face of the element main part 14 by the copper thin layer ^ver, 

to TsoldCT resist 16 which has covered the periphery section of a plinth 12 is formed in the front face of me element 
main pS 4 And the solder ball 18 is fixed hito the portion which is not covered by the solder resist 16 of a plinth 12. 
moo41 Bv the Wav in semiconductor devices, such as CSP, in order to attain high integration and many mn-ization, the 
L£ of a plSi ^TuESteW 18 is restrained by about 200-300 micrometers for a diameter -F°r tms = 
Xen Ae Xe-of-composition product of a plinth 12 and the solder ball 18 becomes small, both bonding strengtti is 
m^uffident^d a ^semiconductor device 10 is mounted in a substrate, big shearing stress acts on me solder ball 18 from 
Ae differencTof coefficient of thermal expansion with a semiconductor chip 10 and a mounting substrate, and tiie 
n^owi on wnl eh mfsolder ball 1 8 exfoliates from a plinth 1 2 is produced. Then, in order to heighten the bonding 
Lonoth nf the solder ball 1 8 and a plinth 12, the terminal of structure like drawing 8 is proposed. 
SSnSatt Sap 2<Hs fenced between a plinth 12 and solder RESHIZUTO 16, without putting a solder resist 16 
on p S 1 > Jd wmle the lower part of the solder ball 18 is wearing the side of a plinth 12 and «darges the plan* 

TJ^LTo^t ° f ^ bai1 1 8 «* a plinth l2 ' u is mad \ for * e el r ent r m part receive 

shearing stress which acts on the solder ball 1 8 through a plinth 1 2 m the case of mounting. 

Kem(s) to be Solved by the Invention] However, it sets to the above-mentioned conventional semiconductor 
£vice^ce f which may have the structure which eases the shearing stress which transmits the shearing stress which 
Son me sold« balUS to the element main part 14 through a plinth 12, and acts on the solder ball 1 8 in the case of 
hunting to the substrate of a semiconductor device 10 ] there is notiiing Mo ™ v ->^ 
plinth 12 and the solder ball 18 is not enough, a crack cannot be produced on the solder ball 18 ™*f^nc^ot 
separate from the element main part 14, or the element main part 14 is missing and sufficient reliability cannot be 

[oSmL invention was made in order to cancel the fault of the aforementioned conventional technology, and it aims 

at easing the shearing stress which acts on a solder ball in the case of mounting 

[0008] Moreover, this invention aims at enlarging bonding strength of a solder ball and a plinth. 

Hs for Solvine the Problem] In order to attain the above-mentioned purpose, the semiconductor device concerning 

in which heights or the crevice was fonned of the phn* which 

fixes the aforementioned solder ball, in the semiconductor device which fixed the solder ball to the external end 
ejection cMd. Thus, when a solder ball is fused and a semiconductor device is mounted in a substrate, the 
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constituted semiconductor device When the height of the circumference which forms heights or the crevice by the 
shearing TtteTwWch acts on the solder (solder ball) by the difference of coefficient of thermal expansion with a 
S device and a mounting substrate deforms, in order to absorb a part of shearing stress, Shearing stress is 
reTandTcii prevent a crack arising in solder, or a plinth separating, or producing a chip m a semiconductor ^device. 
M^rarc wMe it becomes large about the plane-of-union product (touch area) of a plinth and a solder ball and both 
blXg Xgtn becomes largeby having formed heights or the crevice in the plinth, the shearing stress which acts on 
solder can be distributed and it can prevent that a crack etc. arises in solder. 

WW By preparing two or more heights or crevices, it becomes larger about me plane-of-union product of a pirn h 
and solder ball, and both bonding strength can be heightened. If a needle point holder-like i.e., heigh s, aspect is 
Slaved for two or more heights, since heights will bend easily by the shearing stress which acts on solder, the 
3 efS of shearing Sress can be enlarged more, moreover, a plinth - a mushroom -- solder seems not to 
exSe from a plinth by shearing stress, since it not only can ease me shearing stress which the whole plinth bends 
and acts on solder but an umbrella part will be formed in a plinth, if it forms ma 

moi H And me mi^f manufacLng the above-mentioned semiconductor device The process at which patterning 
of the isfresist film fs prepared and carried out to the process which forms a conductive metal layer in the active side 
which hi S extemaT4Snal on the aforementioned metal layer, and the aforementioned metal layers other toan the 
IrtL Sr^pSng to the aforementioned external terminal are exposed, The process which forms the phntt i which 
coS rfthe aforementioned metal layer in the external terminal position which removes the 1st resist film after 
S^^i^Sd^oving the outcrop of the aforementioned metal layer, The process which prepares and , sanies 
™t mtternine of the 2nd resist film to the upper part of the aforementioned activity side, and leaves the resist film of 
toe above ind only to m^ ^n the aforementioned plinth, After carrying out half etching of the aforementioned 
SmSTis madTtoe Composition which has the process which removes the 2nd resist fihn and forms heights or a 
E in the upper surface of a plinth, and the process which covers the aforementioned plinth and prepares a older 
lan ^U Tin-egdarity is formed in the upper surface of a plinth, and the touch area of a plinth and a solder ball 
be^mes large Sd being able to improve both bonding strength by this, the shearing capacity to act on solder at the 

mmSSSSSS to manufacture method of the semiconductor device concerning this invention The process which 
SLSL patterning of the 1st resist film the process which forms a conductive 
sidTwhich has an external terminal, and on the aforementioned metal layer, and leaves me isr ~ ~ a part of 
aforementioned external terminal and corresponding portion, The process which removes the resist fito of ^ above 
1st after carrying out half etching of the aforementioned metal layer, The process at which patterning of the 2nd resist 
fita Tx£SS£*£ canied out fo the upper part of the aforementioned activity side, and the aforementtone metal 
CersotoAan the portion corresponding to the aforementioned external terminal are exposed After ******* ***mg 
Xmovmg toe Outcrop of the aforementioned metal layer, it was made the composition which has die process ; which 
formsThe pltoto which removes the 2nd resist film and has heights or a crevice in an external terminal position, and the 

nrocess which covers the aforementioned plinth and prepares a solder ball. 

E fI™, the manufacture method of the semiconductor device concerning this invention The process which 

onlis a conductive metal thin film in the active side which has an external terminal, and £ P™twhich 
patterning of the 1st resist film is prepared and carried out on the aforementioned metal thin film, and the 
SemSitioned metal thin film of the portion corresponding to the aforementioned external termma is expo ed, The 
oSstScTrr^ the resist film of the above 1st after depositing a conductive metal on the ^outcrop jof £e 
Sememtoned metal thin film and forming a metal deposit While forming ^^^^^^ 
resist film to the upper part of the aforementioned activity side and carrying out half etching of the process wnicn 

eaves the" L^t 2 of the above 2nd to a part of aforementioned metal deposit, and the outcrop of the aforementioned 
metaTdS AftT**********ing and removing the outcrop of the aforementioned metal thin film, it has the 

ofh^mg the processlhich forms the plinth which removes the resist film of the above 2nd and has 
heights oJ a ^crevice inan external terminal position, and the process which covers the aforementioned plinth and 

mm^Fu^ernTore 1 ihe manufacture method of the semiconductor device concerning tois invention The process at 
C „ JZS of me 1 st resist film is prepared and carried out to the process which forms a conductive metal thin 
tS LS on the aforementioned metal thin film and the aforementioned 

rtS ^hZV^ than the portion corresponding to the aforementioned external terminal are exposed, The process 
metal thin films other toan toe V^oam p md removing the outcrop of the aforementioned 

metaf C film ^ Z J^fJS^^^ 2nd resist film is prepared^ carried out to the upper part of 
leT^lZ ^X and toe aforementioned external terminal and the aforementioned corresponding 
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metal thin film of a position are exposed, The process which forms the plinth by the aforementioned conductive metal 
which removed the 2nd resist film and was plated in the external terminal position after plating a conductive metal to 
the upper part of the resist film of the above 2nd on the exposed aforementioned metal thin film, It is made the 
composition which has the process which covers the aforementioned plinth and prepares a solder ball, thereby — a 
mushroom - the relief and thing of shearing stress which can form the plinth of a **, and can heighten the bonding 
strength of a plinth and a solder ball, and act on the solder at the time of mounting are made 
[0015] 

[Embodiments of the Invention] The gestalt of desirable operation of the semiconductor device concerning this 
invention and its manufacture method is explained in detail according to an accompanying drawing. 
[0016] Drawi ng 1 is important section explanatory drawing of the semiconductor device concerning the gestalt of 
operation of this invention, (a) is the cross section, (b) is the plan of a plinth, and (C) and (d) are the plans showing 
other examples of the irregularity formed in the plinth, respectively. 

[0017] In drawing 1 (a), while having formed the plinth 32 to which the semiconductor device 30 used as a 
semiconductor device turns into an external terminal of an active side from copper, the solder resist 16 is formed in the 
circumference of a plinth 32, and the gap 20 is formed between the plinth 32 and the solder resist 16. And to the plinth 
32, the solder ball 1 8 is fixed so that the upper surface and the side may be worn. Moreover, two or more heights 34 are 
formed in the upper surface, and, as for the plinth 32, the touch area (plane-of-union product) with the solder ball 18 is 
enlarged. Heights 34 and the crevice 36 between heights are formed in band-like as shown in this drawing (b). And in 
the case of the gestalt of this operation, the diameter of a plinth 32 serves as a size which is about 200-300 
micrometers, similarly width of face is formed and, as for heights 34 and the crevice 36, the size of width of face is set 
to 20-50 micrometers. 

[001 8] Thus, in the gestalt of the constituted operation, if shearing stress acts on solder (solder ball 18) by the 
difference of coefficient of thermal expansion with a semiconductor device 30 and a mounting substrate at the time of 
cooling when mounted in the mounting substrate which fuses a solder ball and does not illustrate a semiconductor 
device 30 at a reflow furnace etc., heights 34 will bend and deform, will absorb a part of shearing stress, and will ease 
shearing stress. For this reason, it can prevent that a crack occurs in solder, a plinth 32 separates from the element main 
part 14, or the element main part 14 is missing. And by having prepared two or more irregularity in the upper surface 
of a plinth 32, it can become large sharply about the plane-of-union product of a plinth 32 and the solder ball 1 8, both 
bonding strength not only can abolish the accident of increase and solder exfoliating, but can distribute the shearing 
stress which acts on solder, and it can prevent that a crack arises in solder. 

[0019] In addition, the heights 34 (or crevice 36) formed in a plinth 32 may be formed in the shape of a checker, as 
shown in this drawing (c), and as shown in this drawing (d), you may form them in the shape of a concentric circle. 
And in the gestalt of the aforementioned implementation, although the case where the plinth 32 which has irregularity 
for the external terminal of a semiconductor device 30 was formed was explained, it is applicable also to the external 
end-connection child of packages, such as BGA. 

[0020] drawing 2 (a) - (d) — other operation gestalten of a plinth - being shown . As for the plinth 40 shown in 
drawin g 2 (a), the pillar-like heights 42 are formed in the core on top. In this plinth 40, if shearing stress acts on solder, 
the heights 42 of a core will bend, a part of shearing stress will be absorbed, and stress will be eased. Furthermore, the 
center section on top is a crevice 46, and, as for the plinth 44 shown in this drawing (b), the periphery section is heights 
48. And if shearing stress acts on solder, the heights 48 of the periphery section deform this plinth 44, and it will 
absorb shearing stress and will ease. 

[0021] the mushroom to which the plinth 50 shown in drawing 2 (c) has an umbrella part 54 in the upper part of a 
shank 52 and a shank 52 - it has formed in the ** This plinth 50 eases shearing stress, when the whole bends. In 
addition, a plinth 50 can be easily formed by plating so that a detail may be mentioned later. 
[0022] The plinth 60 shown in drawing 2 (d) forms a crevice 62 deeply, enlarges an aspect ratio and forms it in the 
shape of [ so-called ] a needle point holder while it forms a crevice 62 and heights 64 by turns. In the case of the gestalt 
of operation, a diameter D is 200-300 micrometers, and, as for this plinth 60, 20-100 micrometers and length [ of one 
side ] L of heights 64 are formed [ height h of the base 66 from the front face of the element main part 14 ] in 20-50 
micrometers for 5-20 micrometers and height (depth of crevice 62) H of heights 64. Since heights 64 bend easily by 
this by the shearing stress which acts on solder, it is big stress. 

[0023] Drawing 3 is explanatory drawing having shown an example of the operation gestalt of the above-mentioned 
manufacture method of a semiconductor device 30. First, as shown in this drawing (a), a copper layer 70 is deposited 
on the active side of the element main part 14. After this copper layer 70 forms the thin film of about 1000-7000A 
copper in the front face of the element main part 14 by sputtering in the case of the gestalt of operation, it is that to 
which predetermined carried out the thickness deposition of the copper coating on the copper thin film, and has the 
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thickness of about 50-100 micrometers as a whole. 

[0024] Then, photoresists 72 other than the portion which applies and carries out patterning of the photoresist 72 which 
is the 1 st resist film to the front face of a copper layer 70, and forms the plinth corresponding to the external terminal 
of an element in it are removed, and a copper layer 70 is exposed (this drawing (b)). Next, after forming the plinth 32 
which **********s the exposed copper layer 70 and consists of copper (this drawing (c)), the photoresist 72 which 
remained on the plinth 32 is removed (this drawing (d)). Furthermore, as shown in drawing 3 (e), patterning of the 
photoresist 74 which is the 2nd resist film is applied and carried out to the upper part of the element mam part 14, and 
it leaves a photoresist 74 only to the portion which forms the heights on a plinth 32. Then, half etching of the plinth 32 
is carried out, and it is made the plinth 32 which removes a photoresist 74 and by which the crevice 36 was formed in 
the predetermined depth, and heights 34 and the crevice 36 were formed in the upper surface (this drawing (f)). Next, 
as shown in this drawing (g), a plinth 32 is covered, the solder ball 1 8 is formed, and it considers as a semiconductor 
device 30 

[0025] In addition, barrier metal, such as chromium (Cr), a (Titanium Ti) titanium-tungsten alloy (TiW), or nickel 
(nickel), can be prepared between a plinth 32's and the element main part 14 if needed. 

[0026] Drawing 4 shows other operation gestalten of the manufacture method. After predetermined carries out the 
thickness deposition of the copper layer 70 like [ the front face of the element main part 14 ] the above first ( drawing 4 
(a)) this manufacture method applies and carries out patterning of the photoresist 72 which is the 1st resist film to the 
front face of a copper layer 70, and leaves only the photoresist 72 of the portion corresponding to the heights of a plinth 
(this drawing (b)). Then, after carrying out half etching of the portion which has exposed the copper layer 70, heights 
34 and a crevice 36 are formed in the position in which the photoresist 72 which remains is removed and a plinth is 
prepared (this drawing (c)). Next, as shown in this drawing (d), photoresists 74 other than the portion which applies 
and carries out patterning of the photoresist 74 used as the 2nd resist film to the front face of a copper layer 70, and 
forms a plinth in it are removed, and a copper layer 70 is exposed. Next, after **********i n g and removing the 
exposed copper layer 70, the plinth 32 which removes the photoresist 74 of the plinth formation section and has 
irregularity is formed (this drawing (e)). Then, as shown in this drawing (f), a plinth 32 is covered and the solder ball 

[OO ^Drawing 5 shows the manufacture method of the semiconductor device further applied to the gestalt of other 
operations This manufacture method forms the copper thin film 76 in the front face of the element main part 14 by 
sputtering first, as shown in drawings (a). The thickness of this copper thin film 76 may be 1000-7000A. Then, 
patterning of the photoresist 72 is applied and carried out on the copper thin film 76, and the photoresist rz oi me 
position which forms a plinth is removed (this drawing (b)). Furthermore, a photoresist 72 is removed, after plating 
copper into the portion which removed the photoresist 72 and forming a deposit 78, as shown in this drawing (c) (this 

drawing (d)). _ 
[0028] Next, as shown in drawing 5 (e), patterning of the photoresist 74 is applied and earned out to the upper part ot 
the element main part 14, and it leaves a photoresist 74 only to the portion corresponding to the heights formed in the 
copper-coating layer 78. And while **********ing and removing the exposed copper thin film 76, after carrying out 
half etching of the copper-coating layer 78, the photoresist 74 on the copper-coating layer 78 is removed, and the plinth 
32 which has heights 34 and a crevice 36 is formed in the upper surface (this drawing (f)). Then, a plinth 32 is covered 
like the above, the solder ball 1 8 is formed, and a semiconductor device 30 is completed. 

[0029] drawing 6 -- a mushroom ~ the operation form of the manufacture method of a semiconductor device of having 
the plinth of a * * is shown First, as shown in drawing 6 (a), the copper thin film 76 is formed in the front face of the 
element main part 14 by sputtering. Next, patterning of the photoresist 72 used as the 1st resist film is applied and 
carried out on the copper thin film 76, and copper thin films 76 other than the external terminal of the element main 
part 14 and the corresponding portion are exposed (this drawing (b)). Then, as shown in this drawing (c), after 
**********j n g removing the outcrop of the copper thin film 76, the photoresist film 72 which it left to the 
correspondence position with an external terminal is removed. Furthermore, patterning of the photoresist 74 used as the 
2nd resist film is applied and carried out to the upper part of the element main part 14, the photoresist 74 of the copper 
thin film 76 upper part is removed, and the copper thin film 76 is exposed (this drawing (d)). 
[0030] Next, on the exposed copper thin film 76, copper is plated and the copper-coating layer 80 is formed ( drawing 
6 (e)). This copper-coating layer 80 is performed until it rises in the upper part of a photoresist 74 as shown in drawing, 
thereby ~ the copper-coating layer 80 ~ the circumference of the hole 82 of the upper surface of a photoresist 74 ~ 
spreading ~ a mushroom - it becomes a ** and the copper deposit 80 ~ a mushroom ~ the photoresist 74 if formed in 
a **, after washing and drying - removing ~ a mushroom - the plinth 50 of a ** is formed Then, a plinth 50 is 
covered and the solder ball 1 8 is formed. 
[0031] 
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[Effect of the Invention] By having established heights or the crevice in the plinth which fixes a solder ball according 
to this invention, as explained above When a solder ball is fused and a semiconductor device is mounted in a substrate, 
by the shearing stress which acts on the solder (solder ball) by the difference of coefficient of thermal expansion with a 
semiconductor device and a mounting substrate Heights, Or since the height of the circumference which forms the 
crevice deforms and a part of shearing stress is absorbed, shearing stress is eased and it can prevent a crack arising m 
solder or a plinth separating, or producing a chip in a semiconductor device. Moreover, while it becomes large about 
the plane-of-union product (touch area) of a plinth and a solder ball and both bonding strength becomes large by 
having formed heights or the crevice in the plinth, the shearing stress which acts on solder can be distributed and it can 
prevent that a crack etc. arises in solder. 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by th use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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